Tree-ring data and standardization
All potential predictor chronologies used in the snowpack reconstructions are from recent collections of the co-authors and/or a subset of records contributed to the World Data Center for Paleoclimatology's International Tree-Ring Data Bank (ITRDB, http://www.ncdc.noaa.gov/paleo/treering.html). Radial growth artifacts were removed from all individual tree records using conservative detrending methods (negative exponential or straight line fit). These individual records were combined into site chronologies using a robust weighted mean and variance-stabilization to account for possible trends in variance due to changing numbers of samples through time (17, 18, 33) . Standard (i.e., serial autocorrelation retained) and pre-whitened (autocorrelation removed) versions of the chronologies were produced for each site. However, only those analyses based on standard chronologies are presented herein, as the observational records contained serial persistence.
Watershed-level snowpack datasets
Though exceptions occur, SWE measurements made on April 1 generally represent a robust estimate of the annual peak accumulation of snowpack in the NA cordillera (1, 4, 11, 34) , and in conjunction with automated daily SWE measurements, inform seasonal streamflow forecasting and water resource management and planning. Consequently our analyses focus on April 1 SWE values. The accurate measurement of SWE at any single point is, however, exceedingly difficult; once on the ground, snowpack changes continuously in response to wind and fluxes of energy and moisture, all of which are related to atmospheric pressure and circulation (1) . In turn, interactions between synoptic drivers and local conditions introduce a substantial amount of finer-scale variability into point measurements of snow. As a result, we aggregated individual site observations up to the level of watersheds, thereby lessening the impact of the local environment, as well as measurement and equipment-related error. Our own analyses and prior work (4) , and the work of others (e.g. 2) show that this approach provides the best approximation for a common regional peak-snowpack signal. The U.S. Natural Resources Conservation Service (NRCS; http://www.wcc.nrcs.usda.gov/snowcourse/) first began manual measurements of SWE in the 1920s with comprehensive coverage attained by ~1950, and the observational records used in this study span these same periods. Accordingly, the range of dates over which April 1 SWE measurements are available varies from watershed to watershed, making the window over which tree-ring screening and model calibrations were performed variable. Generally, most all models were calibrated over a time interval spanning 1936 to 1990, though some continued into the early 2000s depending on the end date of the most limiting chronology. All calibration intervals and associated degrees of freedom for specific watershed reconstructions can be found in tables S5.1 -S5.4.
Chronology screening and growth-climate relationships
Tree-ring chronologies from the ITRDB were screened to ensure they were not collected for use in ecological or fire history studies, and that they ended in at least 1980. All chronologies were screened for significant (p ≤ 0.05) relationships with watershedlevel April 1 SWE at year t and t ± 1. There were few cases of significant lag/lead correlations, so only growth at year t was included in subsequent modeling. With few exceptions, models extended to and beyond the 1990s. This ensured the tree-ring chronologies accurately captured events in recent decades, and therefore provide a robust means for comparing observational records against patterns of long-term variability. Additionally, the network of winter snowpack sensitive trees contains both low-elevation and high-elevation tree species that exhibit positive and negative growth responses, respectively. This strategy results in models that are rougly equivalent in their ability to capture extreme high-and low-snowpack years.
Snowpack model construction
The nested, multiple linear regression models of April 1 SWE were constructed using a forward-backward stepwise regression procedure that allowed screened predictor chronologies to enter at α = 0.05, with a removal α = 0.10 (18). Model strength was summarized using adjusted R 2 and F level, and potential problems with multicolinearity of predictors examined using the variance inflation factor (VIF) statistic. To prevent model overfitting, the entry of predictors was halted when it resulted in either an increase in root mean squared error (RMSE v ) or a decrease in validation R 2 (also known as reduction of error, or RE) statistic. Model validation was conducted using a leave-oneout cross-validation procedure (i.e., PRESS). The use of PRESS was chosen over data subsetting into different calibration and validation intervals because of the relatively short length of the April 1 SWE records. We also developed reconstructions for larger watersheds and regions using stepwise regression (Tables S5.2 and S5.4). Principal components analysis (PCA) based regressions (not shown) were used as a quality check on the SWE reconstructions. The reconstructions cross-validated well (Table S5 .1-S5.4) with the occasional exception of the Durban-Watson (DW) statistic indicating the potential for problems with autocorrelation in the residuals. Visual inspection of the residual plots and additional sensitivity tests showed these problems to be minor and typically driven by a series of years in the early portion of the observed SWE record. More specific information on the methodologies employed here can be found in Woodhouse et al. (18) and Meko et al. (17) .
Data Access
All snowpack reconstructions and tree-ring chronologies used to generate them are available online at the World Data Center for Paleoclimatology in Boulder, Colorado, U.S.A. (http://www.ncdc.noaa.gov/paleo/pubs/pederson2011/pederson2011.html), and from the U.S. Geological Survey Northern Rocky Mountain Science Center in Bozeman, Montana, U.S.A. (http://www.nrmsc.usgs.gov/NorthAmerSnowpack/). High-resolution versions of the supplemental figures and a web-mapping tool that allows for the generation of user-defined snowpack anomaly maps and animations are also available from the USGS website.
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Modes of Variability in Snowpack
The dominant frequencies of snowpack variability are assessed in a wavelet analysis on the regional SWE averages calculated from individual watersheds (i.e. HUC6) (Fig. S2) . The wavelet analyses were performed using a morlet wavelet with a scale-width resolution of 0.2 and significance testing performed against a red-noise (AR1) background (35, 36) . Results show significant low-frequency (16 to 80+ years) variability is a defining feature of snowpack within the NA cordillera -with relatively temporally stable and strong inter-decadal (20-80 year) persistence (Fig. S2) . The northern watersheds exhibit significant centennial-scale variability that is largely absent across the Upper Colorado region. Power increases in the centennial-scale frequencies over the late -19 th and 20 th centuries due to recent and rapid snowpack declines across the northern watersheds, though most of this falls within the cone of influence. The Upper Colorado exhibits greater interannual variability (2-8 year) than the northern watersheds throughout the length of record. Interannual variability across the northern watersheds is weak throughout the length of record, with few significant events appearing during the sustained high snowpack conditions of the LIA (~1700 -1900).
North-south snowpack dipole analysis
An assessment of the N-S snowpack dipole shown in Fig. S3 was performed using PCA (varimax rotated and unrotated, not shown) on the correlation matrix of the individual HUC 6 watershed April 1 SWE reconstructions over a common interval (1500-1990). Results support our interpretation of Fig. 3 , splitting the southern and northern cordilleran watersheds onto the first and second components respectively, explaining 54% of the total variance, with time-series plots of the component scores showing stationarity in the N-S snowpack dipole. An additional 14.6% of the variance is explained by the third principal component, which indicates the northern watersheds of the Upper Colorado region (i.e., the Webber, Green, White-Yampa, and the North and South Platte) contain variance orthogonal to both the northern or southern cordillera. The variance of the individual watershed reconstructions, and the time-series plot of the component scores, suggest these watersheds in particular are a dynamic boundary between the N-S dipole. For example, at the height of the LIA these watersheds mirror average snowpack conditions in the northern cordillera (Fig. 2e) , whereas during the 1450s and 1550s drought (Fig 2a,c) conditions are more similar to those shown across the southern cordillera. Figure S1 . Watershed-based observed and reconstructed April 1 SWE. Observed April 1 SWE regional averages (black lines) were calculated from individual snow course records, and plotted alongside the tree-ring based HUC6 watershed SWE reconstructions (gray lines) and the reconstructed regional average SWE conditions (dashed orange lines). Both the observed (cyan line) and reconstructed regional averages of (dark blue line) April 1 SWE are shown smoothed with a 20-year cubic-smoothing spline (50% frequency cutoff) to highlight correspondence at decadal-scales. Note the spline is biased by end effects at the start and end of any time series, and this bias is particularly evident at the start of the observed April 1 SWE records (~1920 to 1930 AD). The wavelet power spectrum. Contour levels are chosen so that 0%, 25% 50%, 75%, and >90% of the wavelet power is above each level, and represented with white, purple, blue, green, and red respectively. The crosshatched region is the cone of influence, where zero padding has reduced the variance. Black contour is the 90% significance level, using a red-noise (AR1) background spectrum. Analysis performed in (35) with methods based on (36) . Figure S3 . Average seasonal and monthly temperatures of snow dominated landmasses (below) and snow course measurement sites (above) across the three study regions for critical winter and spring snow accumulation months. Average temperatures were calculated, mapped, and estimated at each snow course site using PRISM (37, 38) (http://www.prism.oregonstate.edu/) 800m 1971-2000 climate normals, and the distribution of average temperatures is shown for each region using a box and whisker plot. The average elevation of snow course monitoring sites for each of the three regions is shown with a different color contour line. Tables   Table S1 . Summary of snow course April 1 SWE sampling site elevations by region.
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